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METHOD, PROGRAM AND SYSTEM FOR IMAGE DRAWING 

BACKGROUND OF THE INVENTION 
This invention relates to a technique for performing image 
5 drawing of high designing effect (i.e., holographic visual 
effect) on an optical disc in addition to data recording as 
the intrinsic recording object. 

An optical disc recording apparatus for CD-R (Compact 
10 Disc-Recordable) that can form visible images in addition to 
the mainstream data recording (e.g., recording of music data) 
is known. This type of optical disc recording apparatus forms 
letters or pictures in the form of visible images by irradiating, 
with laser light, an unrecorded region not used for data 
15 recording to cause a thermal discoloration of the part of the 
unrecorded region. 

In recent years, to form a visible image having a higher 
designing effect, an optical recording apparatus is proposed 
that can form a hologram on an optical disc (See, for example, 
20 Japanese Patent Laid-open No. 011804/1993). 

However, the recording data for hologram formation are 
extremely large, thus accompanying an issue of requiring a long 
computing time for data preparation. 

25 
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SUMMARY OF THE INVENTION 
The invention has been devised in view of the 
above-mentioned aspect, and has an object of providing an image 
drawing method, and program, and image drawing system all of 
5 which can readily form visible images with high designing effect 
on an optical disc. 

In order to solve the aforesaid object, the invention 
is characterized by having the following arrangement. 
(1) A method of drawing an image on an optical disc by an 
10 optical disc recording apparatus which forms optically 
transformed light and dark portions on the optical disc by laser 
light irradiation, the method comprising: 

a storing step of storing, in advance, laser information 
indicating irradiation interval and intensity level of the laser 
15 light tobe applied to the optical disc associated with formation 
spacing defined between the optically transformed light and 
dark portions when the optically transformed light and dark 
portions have same lengths and formed at a constant interval ; 
and 

20 a control step of controlling, when drawing of an image 

is instructed together with an indication of the formation 
spacing of the optically transformed light and dark portions, 
the laser light so as to correspond to the irradiation interval 
and the intensity level of the laser light indicated by the 

25 laser information corresponding to the indicated formation 
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spacing. 

(2) The method according to (1), wherein when a plurality 
of images are drawn, the control step controls the laser light 
5 so as to corresponds to the irradiation interval and the 
intensity level of the laser light indicated by .the laser- 
information corresponding to the formation spacing assigned 
to each image to be drawn. 

10 (3) A method of drawing an image on an optical disc by an 
optical disc recording apparatus which forms optically 
transformed light and dark portion on the optical disc by laser 
light irradiation, the method comprising: 

a storing step of storing laser information indicating 

15 irradiation timing and intensity level of the laser light zo 
be applied to the optical disc for stepwisely changing at least 
one of length and formation spacing of the optically transformed 
light and dark portions; and 

a control step of controlling, when drawing of an image 

20 is instructed, the laser light irradiation based on the laser 
information. 

(4) A computer readable recording medium storing a program 
for drawing an image on an optical disc by an optical disc 
25 recording apparatus which forms optically transformed light 
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and dark port ions on the optical disc by laser light irradiation, 
the program causing a computer to function as: 

a storing unit for storing, in advance, laser information 
indicating irradiation interval and intensity level of the laser 
.5 light tobe applied to the optical disc associated with formation 
spacing defined between the optically transformed light and 
dark portions when the optically transformed light and dark 
portions have same lengths and formed at a constant interval; 
and 

10 a control unit for controlling, when drawing of an image . 

is instructed together with an indication of the formation 
spacing of the optically transformed light and dark portions, 
the laser light so as to correspond to the irradiation interval 
and the intensity level of the laser light indicated by the 

15 laser information corresponding to the indicated formation 
spacing. 

(5) A system for drawing an image on an optical disc including 
an optical disc recording apparatus which forms optically 

2 0 transformed light and dark portions on the optical disc by laser 
light irradiation, the system comprising: 

a storing unit for storing, in advance, laser information 
indicating irradiation interval and intensity level of the laser 
light tobe applied to the optical disc associated with formation 

25 spacing defined between the optically transformed light and 
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dark portions when the optically transformed light and dark 
portions have same lengths and formed at a constant interval; 
and 

a control unit for controlling, when drawing of an image 
is instructed together with an indication of the formation 
spacing of the optically transformed light and dark portions, 
the laser light so as to correspond to the irradiation interval 
and the intensity level of the laser light indicated by the 
laser information corresponding to the indicated formation 
spacing. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1A is a side cross-sectional view of an optical disc 

200 associated with an embodiment of the invention, and Fig. 

IB is a diagram showing the situation in which pit 202P has 

been formed in the optical disc 200. 

Figs . 2A to 2C are diagrams showing the situation in which 

drawing of an image has been conducted for an optical disc 200. 
Fig. 3 is a diagram to explain the principle of the 

invention. 

Fig. 4 is a diagram to explain the pattern of the 
diffraction grating formed by pits 202P. 

Fig. 5 is a conf igurational diagram of an optical disc 
recording apparatus 100 associated with the embodiment of the 
invention. 
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Fig. 6 illustrates the coordinate system adopted in the 
embodiment of the invention. 

Fig. 7 is a diagram to explain the details of image data. 

Fig. 8 is a diagram to explain the diffraction grating 
pattern. 

Fig . 9 is a diagram showing the content of strategy signal . 

Fig. 10 is a flow-chart showing the control details of 
a control unit 16. 

Figs • 11A to 11C are diagrams to explain the actual effects 
of the invention. 

Fig. 12 is a diagram to explain the actual effects of 
the invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Embodiments according to the invention will be described 
with reference to the accompanying drawings. 

The present embodiment assumes a CD-R disc as an optical 
disc and is related to an optical disc recording apparatus that 
can readily conduct drawing of images provided with a high 
designing effect as described above. First of all, the detail 
of the optical disc (CD-R disc) is described and followed by 
remarks on how the image drawing is carried out. 

Configuration of optical disc 

Fig. 1A is a cross-sectional view of an optical disc {CDR 
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disc) 200 . As shown in Fig. 1A, optical disc 200 has a structure 
stacking all of a base protective layer 201, a recording layer 
202, a reflection layer 203, and a protective layer 204. By 
way of precaution, Fig. 1A is a diagram for explanation, and 
5 the dimensional ratios among each layer are not necessarily 
depicted* correctly. 

Grooves (guiding groove) 202G are formed spirally on the 
recording layer 202 . When an ordinary data is recorded on optical 

10 disc 200, a laser light is applied along groove 202G (on-groove 
recording) . When an amount of thermal energy exceeding a 
certain value is given by the laser light irradiation, a pit 
202? corresponding to the recorded data length is formed on 
the groove 202G, thereby recoding the data. Incidentally, 

15 .actual groove 202G is formed in a moderate meandering shape. 
Thus, disc positional information (address information) can 
be obtained by demodulating the meandering signal (signal 
reflected from the groove) . However, as this technique is not 
directly related to the content of the invention, the meandering 

20 of groove 202G is not taken into consideration in the description 
to follow. 

Fig. IB is a diagram showing a state where a pit 202? 
has been formed on groove 202G as a result of laser light 
25 irradiation along groove 202 g. The length of pit 202 P corresponds 
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to that of the recorded data length, and the length of each 
pit is various (ranging between several ten jluh to several hundred 
Mm) . It is hardly assumed that the formation positions of the 
pits 202? on adjacent grooves 202G are aligned orderly. 

5 

When data are to be reproduced, a laser light of a low 
intensity level is applied along groove 202G. Here where the 
region sandwiched between two adjacent pits 202P is defined 
as a land 202L, then the reflectance of pit' 202P differs from 
10 that of land 202L. Accordingly by detecting the change in the 
reflected light level obtained when a laser light is applied 
along groove 202G, the length of pit 202P corresponding to the 
data length can be detected. Based on such detection, the 
reproduction treatment of data is carried out. 

15 

(Principle of the Invention) 

The inventors of the present invention speculated that/ 
by forming many pits 202P having the same length with a fixed 
cycle repeatedly, regions of different reflectance are 

20 alternately formed, and that thus a diffraction grating may 
be provided on recording layer 202. Further, the inventors 
noticed the possibility that a visual effect as a hologram might 
be attained, since, when the optical disc 200 is viewed from 
a certain angle, the area of the diffraction grating thus formed 

25 can be visually recognized. And, as for these viewpoints, an 
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.experimental verification was carried out. 

Figs . 2A to 2C illustrate the situation in which an image 
has been drawn by forming a diffraction grating constituted 
5 by pits 202P on an optical disc 200 (recording layer 202) . 

Fig. 2A is an overall diagram of optical disc 200. Fig. 
2B is a diagram enlarging the region 41 in Fig. 2A. Fig. 2C 
is a diagram further enlarging the region 42 in Fig. 2B. In 
Fig. 2C, the top and bottom are illustrated in a reversed manner 
10 in order to make clear the contrast to data recording (Fig. 
IB) . 

Figs. 2A to 2C show an example in which an alphabetical 
letter "A" has been drawn on optical disc 200 (recording, layer 

15 202) . As shown in Fig. 2C, along the contour part of the letter 
"A" , pits 202 of the same length with a constant spacing are 
formed to construct a diffraction grating, thereby forming the 
diffraction grating. The length of pit 202P which constitutes 
the diffraction grating is designed to be several times as long 

20 as the wavelength and shorter than the pit length used for data 
recording. As shown in Fig. 2C, pits 202P formed in an adjacent 
groove 202G, the formation positions are aligned in a state 
of orderly arrangement. 

25 The mechanism with which the holographic visual 
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perceiving effect is exhibited is now explained when an observer 
views the optical disc 200 in which a diffraction grating has 
been formed in this manner. 

Fig . 3 shows the case in which, on groove 202G of recording 
5 layer 202, two pits 202P-1 and 202P-2 are formed in the form 
of cross-sectional view. The two pits 202P-1 and 202P-2 are 
arranged in such a manner that their center positions are 
separated by a distance D (Hereinafter, this distance is called 
inter-grating distance d.) The region sandwiched between two 
10 pits 202P-1 and 202P-2 represents a land 202L. 

In Fig. 3, visible light (400 to 700 nm wavelength light) 
is incident in the direction vertical to the plane of recording 
layer 202. In the present discussion, the lights reflected 
15 by pits 2 02P-1 and202P-2 are considered, and the light reflected 
by land 202L is assumed to be negligible. 

The light incident on each pit 202P-1 or 202P-2 is 
reflected; the light reflected by pit 202P-1 interferes with 
the one reflected by pit 202P-2, and the two lights act to 
20 strengthen or weaken each other. 

Under such a situation, a viewing angle is defined by 
the angle 9 that is formed by the direction at which an observer 
(user) views optical disc 200 and the direction vertical to 
25 the plane of optical disc 200 (See Fig. 3.) . By assuming the 
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wavelength of the visible light impinging on optical disc 200 
(recording layer 200) to be X, the optical path difference Q 
between the light reflectedby pit 202P-1 and that by pit 202P-2, 
respectively, is given by the following equation (1). 

5 

Q = d sin9 Equation (1) 

At viewing angle 9 at which this optical path difference 
Q is equal to the integral multiple of visible light wavelength 
10 X, i.e., X, 2X, 3l r - -/ the two reflected lights strengthen 
each other whereas at viewing angle 9 at which an optical path 
difference Q is equal to the odd integral multiple of the half 

wavelength of visible light X, i.e., X/2, 3\/2, 5X/2, - the 
two reflected lights weaken each other. 

15 From these facts, when viewing angle 0 satisfies the 

following equation (2), the two reflected lights strengthen 
each other, and the observer can visually recogni ze the reflected 
light. 

20 P : = d sinSi = mX (m being a natural number) Equation (2) 
In the case of m = 1, Q 1 = arcsin(X/d) 

On the other hand, when viewing angle 0 2 satisfies the 
following equation (3), the two reflected lights weaken each 
25 other, and the observer cannot visually recognize (or is 
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difficult to visually recognize) the reflected light. 

Q 2 = d sin6 2 = (m-l/2)X (m being a natural number) 

Equation (3) 

In the case of m = 1, B 2 = arcsin IX/ 26) 

In Fig, 3, the angle formed by the mid point between the 
two pits 202P-1 and 202P-2 and the direction to the observation 
point is defined as the viewing angle 8. Since, compared with 
the distance between the two pits of about several jum, the viewing 
distance is several ten cm, there is a roughly ten thousand 
times difference- Accordingly, the reflected lights from the 
twopits 202P-1 and202P-2 canwellbe approximated to be parallel 
lights. 

As a result, a holographic visual effect is achieved that, 
the reflected light by pits 202P-1 and 202P-2 strengthen each 
other in the direction of viewing angle 8i in which the optical 
path difference is X, and then the observer can perceive the 
light visually, while, on the other hand, in the direction of 

viewing angle Q?. in which the optical path difference is X/2, 
the observer cannot perceive the light visually. 

Here, the value of viewing angle 8 is determined by the 
values of the wavelength of the impinging light X and 
inter-grating distance d. Thus, as shown in Fig. 4, by changing 
the inter-grating distance d itself, the wavelength of the 
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impinging light X, that the observer can visually perceive and 
viewing angle 9 can be controlled. The fact that the visually 
perceivable wavelength of light is controllable can be restated 
that the visually perceivable color can be controlled. 

5 

(Configuration of the optical disc recording apparatus) 

Now, the optical disc recording apparatus 100 which can 

form a diffraction grating comprising the above-described pits 

202P is described. 
10 Fig. 5 is a block diagram of an optical disc recording 

apparatus 100 according to the present embodiment. 

In the apparatus, a control unit 16 supervises all the 

individual units of the apparatus according to the programhaving 

been stored in advance in a memory (not shown) , and conducts 
15 data recording and image drawing in an optical disc 200. 

A spindle motor 11 is used for driving the optical disc 

(CD-R disc) 200 to rotate. In the present embodiment, optical 

disc 200 is assumed to rotate at a constant angular velocity 

(CAV: Constant Angular Velocity) . 

20 

An optical pickup 10 is a unit integrating an optical 
system containing a laser diode, lens, and mirror, and a photo 
acceptance device accepting the returning light. 

In the case where data recording or the regeneration of 
25 the recorded data is carried out for the optical disc 200, optical 
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pickup 10 irradiates the optical disc 200 with laser light 
whereby the pickup receives the returning light. The optical 
pickup 10 outputs to an RF amplifier 12 an RF signal modulated 
by EFM (Eight to Fourteen Modulation) that is the signal 
5 generated by light acceptance. 

Further, the optical pickup 10, which has a monitor diode, 
supplies a signal corresponding to the electric current level 
to a laser power control circuit' 2 0 when an electric current 
flows in the monitor diode in laser light irradiation. 

10 

The RF amplifier 12 outputs signals relating to the 
reflected light obtained by laser light irradiation on the 
optical disc 20 ,to a servo circuit 13 and an address detecting 
circuit 14 during data recording or image drawing. Moreover, 
15 in the reproduction of the recorded data, the RF amplifier 12 
amplifies the RF signals modulated by FEM supplied from optical 
pickup 10, and outputs the amplified RF signals to servo circuit 
13 and a decoder 15. 

20 During the reproduction of recorded data, decoder 15 

constructs reproduction data via EFM demodulation of the 
EFM-modulated RF signals supplied from RF amplifier 12. 

Address detection circuit 14 extracts the wobble signal 
component from the signals supplied by RF amplifier 12, from 

25 which address information (the positional information for the 
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disc) contained in the wobble signal component is demodulated 
from the signal supplied from RF amplifier 12, and outputs to 
control unit 16 during data recording or image drawing. 

Aservo circuit 13 carries out rotation control for spindle 
motor 11, and focusing control as well as tracking control for 
optical pickup 10. 

Laser power control circuit 20 is a circuit to control 
the laser power emitted from the laser diode of optical pickup 
10. Laser power control circuit 20 controls a laser driver 
19 so that the laser light with the optimal laser power for 
the formation of pits 202? in the optical disc 200 be emitted 
from optical pickup 10 based on the electric current value 
supplied from the monitor diode of optical pickup 10 together 
with the information indicating the target value of the optimal 
laser power supplied from control unit 16. 

A buffer memory 29 memorizes the data supplied from a 
host computer 110 at the time of data recording, i.e., the data 
to be recorded in optical disc 200 (recording data) in the FIFO 
(First In First Out) mode. An encoder 17 EFM-modulates the 
recording data taken out from buffer memory 29 to output to 
a strategy circuit 18. The strategy circuit 18 conducts a 
time-scale correction treatment on the EFM signals supplied 
from encoder 17 and outputs to a laser driver 19. 
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The laser driver 19 drives the laser diode in the optical 
pickup 10 based on the signals modulated according to the 
recorded data supplied by strategy circuit 18 together with 
the control of laser power control circuit 20. 

Fig . 6 shows the coordinate system adopted for conducting 
image drawing in the present embodiment. As shown in Fig. 6, 
the starting point of a groove 202G positioned at the inner 
periphery of the disk is defined as the reference point (line 
1, column 1) . From this reference point toward the outer 
periphery of the disc, the line number is assigned as line 1, 
line 2, line 3, etc. in turn. On the other hand, from the 
reference point (line 1, column 1), column 1, column 2, column 
3, etc. are defined in the clockwise order in coordination with 
other radial lines. 

Into frame memory 28, as shown in Fig . 7, the data allotted 
to each line and column are stored. The individual data 
correspond to a single coordinate in the above-described 
coordinate system, i.e., to a single domain of optical disc 
200, and are equivalent to the data that specify the pattern 
of the diffraction grating to be formed in that domain. In 
Fig. 7, at the coordinate position shown by "A", a diffraction 
grating of pattern A is formed, while at the coordinate position 
shown by "B", a diffraction grating of pattern B is formed. 
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For confirmation, at the coordinate position shown by "0", no 
diffraction grating is formed. 

In the present embodiment, as shown in Fig. 8, the patterns 
5 of diffraction grating to be formed in optical disc 200 are 
determined in advance. The pattern of diffraction grating is 
specified by the spacing (inter-grating distance) d with which 
pits 202P constituting the diffraction grating are formed, the 
length of single pit 202P, and the variation quantities (A and 
10 5) of the two. By way of precaution, variation quantities S 
and A are parameters for finely adjusting the length of pit 
202P determined in advance by carrying out recording experiments . 

Variation quantities 6 and A may be zero. 

Further, for the formation of each diffraction grating, 

15 the information (referred to as laser information) associated 
with the irradiation interval and intensity level of the laser 
light to be applied from the optical pickup 10 to optical disc 
200 (recording layer 202) is obtainedbef orehand via, for example, 
experiments. Such laser information is stored in the memory 

20 of control unit 16 in the form of .a table (Refer to Fig. 8.) 
that is in coordination with the diffraction grating patterns . 
For confirmation, this table may be stored in the host PC 110. 

In the present embodiment, as shown in Fig. 7, data were 
25 configured so that the same di f fraction grating pattern is formed 
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in this region by setting 10 columns x 10 lines as a unit. Such 
measure is based on the consideration that, for the smallest 
region for visual perception by human eye, the diffraction 
gratings of the same pattern are formed to achieve a reliable 
5 image perception (hologramperception) . The unit of 10 columns 
x 10 lines is just an example, and a region other than this 
exemplary one may be regarded as one unit. 

The data stored in frame memory 28 are read out one-by-one 
10 by control unit 16. And the laser information corresponding 
to the data read out in this manner is supplied to strategy 
circuit 18 . In strategy circuit 18, strategy signals are formed 
corresponding to the irradiation interval and intensity level 
of the laser light indicated by the laser information for each 
15 coordinate, and the signals are supplied to a laser driver 19. 
Laser driver 19 drives the laser diode of the optical pickup 
10 based on the supplied strategy signals. ■ 

Here, the strategy signals outputted from strategy 
20 .circuit 18 are explained. 

Fig. 9 shows the content of the strategy signals outputted 
from strategy circuit 18 under the control of control unit 16. 
The abscissa corresponds to a time axis, and the ordinate to 
the level of the irradiated laser light. The details of the 
25 laser light from the optical pickup 10 for the optical disc 
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200 are controlled depending on the strategy signal (pulse width 
and pulse interval) . 

In Fig. 9, the details of the strategy signals and the 
details of pits 202P formed in the optical disc 200 are shown 
5 side by side. In Fig. 9 is depicted a description in which 
the pulse width of the strategy signal corresponds to the length 
. of pit 202?; but actually, by taking into consideration of the 
effect of heat conduction accompaniedby laser light irradiation, 
the strategy signal is subjected to time correction. 

10 

(Operation during image drawing) 

Next, the details of the specific operation during image 
drawing, i.e., during the production of a hologram based on 
diffraction gratings on the optical disc 200 will be explained. 

15 Fig. 10 is a flow-chart showing the details of control 

by control unit 16 during image drawing. 

As a preliminary step for image drawing, along with 
mounting an optical disc 200 into an optical disc recording 
apparatus 100, the user operates the host PC 110, and specifies 

20 the details of the image to be drawn (letters and designs) and 
the position for hologram formation (the position in optical 
disc 200) . Then, the user designates which diffraction grating 
pattern is used for image drawing for each image that the user 
wants to fabricate as a hologram. In other words, the formation 

25 spacing (inter-gratingdistance) D for pit 2 02P for image drawing 
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is indicated. 

Once the start of image drawing is instructed by the user 
(Step Sa21), control unit 16 regulates the individual parts 
5 of the apparatus to draw the image on the optical disc 20 as 
follows. 

Control unit 16, when image data relating to the image 
indicated by the user are supplied from host PC 110, stores 
the data in turn in frame memory 2 9 corresponding to the position 
10 for hologram formation (Step Sa22) . At this step, control unit 
16 stores the information showing the diffraction grating 
pattern designated by the user at the corresponding coordinate 
position (See Fig. 7.). 

15 Thereafter, control unit 16 controls the individual parts 

of the apparatus to read out the data for a single coordinate 
and supply the corresponding laser information (Refer to Fig. 
8.) to strategy circuit 18 (Step Sa23) . in strategy circuit 
18, strategy signals which achieve the irradiation interval 

20 and intensity level of the laser indicated by the laser 
information are generated and outputted to laser driver 19. 
With such signals, a laser light is applied onto the optical 
disc 200 (recording layer 202), and pits 202P are formed in 
turn so as to form the diffraction grating pattern designated 

25 by the user (Step Sa24) . 
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The above-described operation assumes the case wherein 
the user designates one diffraction grating pattern for a single 
image, but in the case of drawing a plurality of images, the 
system may be so designed that a diffraction grating pattern 
can be indicated for each image whereby the above-described 
control is carried out for each image by control unit 16. 

(Specific Example) 

Some specific examples of drawing images by fabricating 
diffraction gratings as has been explained heretofore are 
described. 
(1) Stereogram 

In the explanation heretofore, the viewing angle 0 of 
the observer was treated as a single value, but actually, the 
observer has viewing angles delicately different between the 
right and left eyes: let the viewing angle of the right eye 
be 9R, and let that of the left eye be 0L, then viewing angles 
0R and 0L take delicately different values. By taking into 
account such attribute, a stereoscopic 3D (three dimensions) 
visual effect can be attainedby separately preparing in advance 
the laser information for the fabrication of a diffraction 
grating pattern for the right eye and the one for the fabrication 
cf a diffraction grating pattern for the left eye, and 
fabricating the two kinds of diffraction grating alternately 
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in the same region of optical disc 200. 

More specifically stated, a region of the optical disc 
200 (recording layer 202) is divided, as shown in Fig. 11A, 
so as for the domain for the right eye and that for the left 
eye to appear alternately. The size of each domain is arbitrary, 
exemplified by a domain arrangement consisting of rectangles 
having from several wavelengths to several hundred jam edges. 
Domain arrangements comprising cells of several ten to 200 m 
in size are preferred. And in the domain for the right eye, 
a diffraction grating pattern visually perceived at viewing 
angle 0R is fabricated, and in the domain for the left eye, 
a diffraction grating pattern visually perceived at viewing 
angle 8L is fabricated. When the diffraction gratings thus 
fabricated are viewed with both eyes, the formation region 
(image) where such diffraction gratings are fabricated is 
recognized stereoscopically, thus exerting a so-called 3D 
visual effect. 



(2) Fabrication of design and letter in the same position 

A region of the optical disc 200 (recording layer 202) 
is divided into domains for design formation and those for letter 
formation as shown in Fig. 11B. And, the domains for design 
formation is drawn with a diffraction grating pattern with an 
inter-grating distance dl whereas the domains for letter 
formation is drawn with a diffraction grating pattern with a 
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different inter-grating distance d2 . 

By drawing images with use of different inter-grating 
distances d in such a manner, a special visual effect is attained 
that, when the optical disc 200 is gradually inclined, the design 
5 is visually recognized at a certain viewing angle, and the letter 
is visually recognized at another viewing angle. 

3. Flashing 

A diffraction grating pattern for the normal mode image 
of a certain design and one for the reversal mode image thereof 
may be alternately fabricated whereby a special visual effect 
is exhibited such that, with gradual inclination of the optical 
disc 200, the normal mode image can be visually perceived at 
a viewing angle. whereas at another viewing angle the reversal 
mode image can be visually perceived, and so forth. 

(4) Movement 

A plurality of the same design may be formed in different 
domains of the optical disc 200. 
20 Fig. lie illustrates the case in which a musical note 

w >" is drawn for each of three different positions (position 
I, position II and position III). When diffraction grating 
patterns with different inter-grating distances d are used for 
the drawing of the individual notes, the visually recognizable 
25 viewing angles 0 differ for the individual notes. 
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Accordingly, a special visual effect is exhibited as if 
the musical note is changing its position since, when optical 
disc 200 is gradually inclined, the musical not© recognised 
as placed at position I at a viewing angle 81 is later recognized 
5 as placed at position II at a viewing angle 82, and further 
at still another viewing angle 83, recognized as placed at 
position III. 

(5) Coloration 

10 A diffraction grating may be fabricated by forming pits 

202P in such a pattern as shown in Fig. 12 wherein the length 
of pit 202P changes stepwise in both of the radial direction 
the disk and the direction of groove 202G. It is known that, 
when a visible light (40 to 700 nm light) is applied. onto the 

15 optical disc 200 in which such diffraction grating patterns 
are repeatedly fabricated, the visually recognized wavelength 
of the reflected light differs depending on the viewing angle. 
The fact that the wavelength of the visually recognized re fleeted 
light is different each other means that the recognized color 

20 differs depending on the viewing angle. 

Accordingly, when letters and designs are drawn in such 
a manner that diffraction grating patterns are formed on the 
optical disc 200 as shown in Fig. 12, at a certain viewing angle 
the letters or designs are perceived with a reflected light 

25 of a specific wavelength (e.g., a' red light), and at another 
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viewing angle .the letters or designs are perceived with a 
reflected light of another specific wavelength (e.g., a blue 
light) during gradual inclination of the optical disc 200. In 
such a manner, a special coloration effect that the color changes 
5 depending on the viewing angle can be exhibited. 

As has been described hereinabove, according to the 
optical disc recording apparatus 100 associated with the present 
embodiment, images exhibiting a holographic visual effect can 
10 be easily formed by using a diffraction grating pattern which 
has been prepared in advance. 

(Modified Example) 

Each embodiment described above is just an example for 
15 the description of the details of the invention, and appropriate 
modifications can be made on them. Some modified examples are 
set forth below. 

(Modified Example 1) 

20 Though, in every embodiment described heretofore, a 

method of forming images with a hologram effect in the track 
direction (6 direction) of the optical disc 200 was explained, 
images can be formed in the radial direction (r direction) too. 
In this case, though the degree of freedom for visual image 

25 formation is lowered due to the track pitch value, this 
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difficulty can be avoided by contriving the pit formation in 
view of track pitch- 

(Modified Example 2) 

In all the embodiments described hereinabove, the system 
was constructed so that a host PC 110 as an external apparatus 
supplies image data to optical disc recording apparatus 100. 
But, image data may be stored beforehand in a memory (not shown) 
in the optical disc recording apparatus 100. When the image 
to be drawn is limited to characters such as letters and figures, 
the total image data volume are small. Thus, when the image 
data is storedbef orehand in the optical disc recording apparatus 
100, such an apparatus can fabricate a hologram based on a 
diffraction grating as a single stand-alone apparatus. 

(Modified Example 3) 

The image formation for time-stamp information relating 
to date and time can be automatically carried out without any 
indication of the user at every occasion of, for example, music 
data recording whereby the system may be constructed so that 
the image data associated with time-stamp information is 
supplied from an external apparatus (host PC 110) to the optical 
disc recording apparatus 100. 



(Modified Example* 4) 



uc r n i c i\ i ucr i 



Optical disc 200 is manufactured and provided by a number 
of manufacturers, and, in the current situation, the 
characteristics of the recording layer 202 {groove 202G) is 
different for each manufacturer. For example, the difference 
5 in the heat absorbing ratio of recording layer 202 results in 
the difference in the intensity of the laser light to be 
irradiated for diffraction grating formation, in view of these 
aspects, it is preferable to determine the optimal irradiation 
intensity of the laser light through experiments of diffraction 
10 grating formation conducted in advance for optical discs 200 
manufactured. by. a number of manufacturers. 

In such cases, by letting the optimal irradiation 
intensity of the laser light in coordination with the information 
(disc ID information) for identifying optical discs 200 stored 
15 in a memory, the optimal laser light irradiation for an optical 
disc 2 00 placed in the recording apparatus can be achieved by 
reading out the disc ID information relating to the optical 
disc 200 in use. 
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As has been explained heretofore, by using an optical 
disc recording apparatus associated with the invention, drawing 
of images of a high designing nature (exhibiting a holographic 
visual effect) on an optical disc can be readily accomplished. 



25 This applicationiclaims priority on Japanese Application No. 

2002-332686, filed November 15, 2002, and is incorporated fully 
herein by reference. 
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